Introduction.
moulting hormone. The main regulation of E production is operated via a cerebral neuropeptide, the prothoracicotropic hormone (PTTH) which stimulates the prothoracic glands to synthesize and release the hormone (Bollenbacher et al., 1979) . Thus, the classical scheme of the endocrine regulation of pupal diapause is that the brain controls the arrest of development by a lack of PTTH secretion (Williams, 1952) which in turn prevents the synthesis and release of E by the prothoracic glands in diapausing pupae.
Indeed, it is possible to experimentally terminate diapause by injecting E (Williams, 1968) or 20E (Bradfield and Denlinger, 1980 ; Bodnaryk, 1985) . Therefore, diapausing pupae, which have very low levels of moulting hormone (5 mg/ml in Nyalophora cecropia, Mc Daniel, 1979 ) constitute a favourable model to study the mechanism of action of these hormones on the onset of development. In fact, it is not clear whether the injected hormone acts directly on the target tissues to promote morphogenesis or if it acts through a reactivation of the animal's neuroendocrine system.
In the present report, we studied this question using ecdysone-stimulated diapausing pupae of Pieris brassicae. We analyzed the fate of the injected hormone as well as the neosynthesis of E from injected ( 3 H)cholesterol.
Our results suggest that, in diapausing pupae of Pieris brassicae, the injected hormone has a double action : (1) it exerts a direct morphogenetic effect on target tissues, (2) it induces a neosynthesis of endogenous E, independently of the brain.
Material and methods.
Animals. &horbar; Larvae of the white cabbage butterfly (Pieris brassicae) were reared on a natural diet at 19 °C under a short-day photoperiod (9 L : 15 D) . Under these conditions, all larvae develop into diapausing pupae. We used only male diapausing pupae, in order to obtain a better synchronism.
Decapitation and abdomen isolation of the pupae were performed using a razor blade. The wounds were then sealed with molten paraffin.
Chemicals. &horbar; E was purchased from Simes (Milano, Italy) and [1a, 2a (Modde et al., 1984 (Williams, 1968 Figure 2 shows the pattern of labelled metabolites recovered 24 hrs after the injection ; it is observed that the major products are ecdysonoic-and 20-hydroxyecdysonoic acids. Thus the metabolism of injected E is highly comparable to that previously reported in aged developing pupae (8 days, see Beydon et al., 19811. Figure 3 shows the fate of ( 3 HIE and ( 3 H120E expressed as a percentage of total radioactivity recovered after HPLC analysis. We observed a sharp decrease of radiolabelled E : half of the radiolabelled hormone was already metabolized after 12-14 hrs and less than 5 % was still detected two days after the injection. We observed in parallel the formation of a low proportion of ( 3 H)20E : 24 hrs after the injection only 10 % of the total radioactivity was recovered as 20E. fig. 4) . Figure 5 shows the evolution of ( 3 H)cholesterol incorporation into E and 20E, and in total ecdysteroids (both hormones and their inactivation products) during the 15 days following the injection. We studied the metabolism of ( 3 H)E in these ecdysone-stimulated abdomens. Figure 6 shows the fate of ( 3 H)E and ('H)20E during six days following the injection. The catabolism of ( 3 H)E was rather fast during the first 24 hrs but then much slower ; in parallel about 5 % were hydroxylated into 20E and this remained very stable during the following days.
These ecdysone-stimulated abdomens however never showed any incorporation of ( 3 H·cholesterol into ecdysteroids. Thus in the absence of head and prothorax, no neosynthesis of E occurred.
Discussion.
Many authors have previously established that by injecting E or 20E it was possible to induce adult development in diapausing pupae of Lepidoptera (Williams, 1968 ; Bradfield and Denlinger, 1980 ; Bodnaryk, 1985) . However little attention has been paid to the mechanism of action of the injected hormone. Indeed, two different hypotheses can be drawn : (1) the injected hormone is able by itself to elicit adult differentiation and (2) the injected hormone triggers the reactivation of the neuroendocrine system of the animal which will thereafter synthesize endogenous ecdysteroids responsible of the onset of development. Of course, the two hypotheses are not mutually exclusive.
In the case of Pieris diapausing pupae the minimal dose of ecdysone required for inducing synchronous development in 100 % of the pupae was 500 ng/animal.
In order to test the hypothesis (1), we injected ecdysone into isolated abdomens (+ meso-and metathorax). It had previously been shown that abdomens removed from non-diapausing Pieris pupae were unable to synthesize ecdysone from cholesterol de novo (Beydon et al., 1981) and this was confirmed in the present study with diapausing isolated abdomens. Injected abdomens developed adult structures (e.g. pigmented scales), and this provides evidence that the injected hormone is able by itself to evoke adult differentiation. Due to the lack of any E synthesis in this system, it was possible to calculate E and 20E levels in isolated abdomens after an injection of ( 3 H)E and 500 ng of E. It was found that 20E levels remained quite constant for several days at 25 ng/abdomen (5 % of the injected radioactivity). This low value seems however sufficient to evoke adult development. In fact, this situation is very similar to that observed in abdomens from non-diapausing Pieris pupae isolated on day 3 after larval-pupal ecdysis (i.e. 2 days before the large 20E peak), which undergo adult development (Claret et al., 1977) . From our data, we may conclude that hypothesis (1) is still valid : the injected hormone is by itself able to promote adult differentiation of pupal tissues. E and ( 3 H)E injected into whole pupae were rapidly converted into inactivation products (fig. 1) ; 24 hours after injection only 10 % of the injected hormone was recovered as 20E and this proportion decreases thereafter ; this represents 50 ng of active moulting hormone present in the animal at this time, a value which is far below the maximal amount of 20E occurring in non-diapausing Pieris pupae (250 ng/animal) (Beydon et al., 1981) . This low but sustained amount could nevertheless be involved in the initiation of adult development, as discussed above. On the other hand we observed an important incorporation of ( 3 Hlcholesterol into ecdysteroids five days after E injection. Since this synthesis is not observed in isolated abdomens, the simplest explanation (but we do not consider this as an absolute proof) is that it is performed by pupal prothoracic glands. The neosynthesized ecdysone is probably involved in the control of adult cuticle synthesis. This assumption is based on experiments with isolated abdomens of non-diapausing pupae at day 3, where adult differentiation was observed, but adult cuticle synthesis was much reduced and abnormal, unless extra-ecdysone was injected (Cassier et al., 19801. Therefore we can conclude that the injected E exerts a dual effect in entire animals : (1) it triggers directly adult differentiation of target organs and (2) it is able to evoke a delayed ecdysone synthesis probably involved in adult cuticle synthesis and synchronism of development.
Concerning the mechanism by which the injected hormone is able to activate the ecdysone-synthesis machinery, two points are worth mentioning : (1 ) the fact that it takes place in headless pupae, i.e. in the absence of the brain neuroendocrine system and (2) the rather long delay (5 days) observed before the reactivation of E synthesis.
(1) We observed that exogenous E induces the onset of development in headless pupae and particularly the reactivation of E synthesis just like in whole animals ; thus the brain neuroendocrine system does not seem necessary here for the action of injected E on endogenous E neosynthesis. McDaniel (1979) reported that headless diapausing pupae of Hyalophora cecropia were able to develop when returned to warm temperatures after a long period of chilling, and that they presented in parallel a reactivation of ecdysone production. The fact that diapausing pupae can resume development in the absence of the brain appears in fact rather common in Lepidoptera : it has also been reported for example in Heliothis zea (Meola and Adkisson, 1977) and Manduca sexta (Safranek and Williams, 1980) . Thus the regulation of E production in several species of Lepidoptera may be different from the classical scheme involving the brain action on ecdysone synthesis.
(2) The long delay (5 days) required to induce E production might be due to a general reactivation of all cellular metabolism pathways which are turned down in a diapausing pupa. Indeed a similar latency (6 days) was observed for the rise of oxygen consumption which parallels the reinitiation of adult development after E injection in Pieris brassicae diapausing pupae (Guillet and Fourche, 1976 (Gruetzmacher et al., 1984a (Gruetzmacher et al., , 1984b Watson et al., 19851. The fact that exogenous E can exert a stimulatory effect on E production apparently contradicts previous results obtained in normal developing pupae, in which it has been shown that E and 20E inhibited E production when injected during the ecdysteroid biosynthesis period (Beydon and Lafont, 1983) . This feedback inhibition also occurred in headless non-diapausing pupae, suggesting that E acts independently of the brain. Nevertheless it should be noticed that this inhibitory action appears very rapidly (a few hours after injection), whereas the stimulatory effect of exogenous E in diapausing pupae is long-delayed. The 
